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PREFACE

The fourth in a series of NASA/SAE Interior Noise Workshops was held on May
19 and 20, 1992 at the Graf Zeppelin Haus in Friedrichshafen, Germany. The theme
of the workshcp was new technology and applications for aircraft interior noise with
emphasis on source naise prediction; cabin noise predicticn; cabin noise control,
including active ard passive methods; and cabin intenor noise test procecures. This
report is a compilation of the presentations made at the meeting which addressed the
above issues.

Appreciation is extended 1o all of those who panticipated in the workshop anc
particularly to those that made presentations. In addition, Dr. Ingo Borchers of Dornier
Luftfahrt GmbH served as an excellent workshop host as well as tour guide of the
acoustic facilities at Dornier. Finally, special thanks are extended to Ms. Loriot of
Dornier and Ms. Sutherland of NASA for managing the myriad of arrangements and
correspondence associated with this very successiul workshop.

David G. Stephens, NASA Langley Research Center
Hanno Heller, DLR Institute for Design Aerodynamics
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MD-80 AFT CABIN NOISE CONTROL -
A CASE HISTORY
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Douglas Aircraft Company
McDonnell Douglas Corporation
Long Beach, California, USA

Presented at
NASA/SAE/DLR 4th Aircraft Interior Noise Workshop
Friedrichshafen, Germany

May 19, 1992
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SUMMARY

This presentation discusses the results of an interior noise technology prograin con-
ducted in 1991 to improve the noise environment in the aft cabin of MD-80 twin jet
aircraft. The noise environmen’ in the aft cabin inciudes tone noise levels occurring
at the shaft rotational frequencies of the engine. Engine vibration levels at theze fre-
quencies are transmitted through the engine pylon to the cabin. The objective of
this program was to reduce the levels of three specific tones, one which occurs during
ground idle operations (the lower frequency tone, termed the io-tone) and two vrhich
occur during cruise {the lo-tone and a higher frequency tone termed the hi-tone).

Two potential noise control treatments were identified, studied in ground and flight
tests at Douglas Aircraft Company, and then evaluated on a production, in-service
aircraft. The treatmen's are both vibration absorber devices which are designed to
reduce vibration at and around the frequencies at which they are tuned. Frame vibra-
tion absorbers consist of an absorber mass with an elastomer spring, and are installed
on the four aft-most frames and floor beamis in the cabin. Engine vibration absorbers
consist of an absorber mass on a long stem, and are instailed on the forward engine

mount yoke of each engine pylon.

Prototype frame absorbers tuned to the lo-tone frequency were tested on a DC-9
fuselage test section, excited by a shaker attached to the pylon. Results of these tests
showed a 10 dB reduction in ={t seat lo-tone noise levels in an unfurnished cabin, and a
5 dB reduction when the cabin was furnished. Engine vibration absorbers were tested
during ground and flight tests of an MD-80 test aircraft. Several absorber configurations
were tested, involving different combinations of absorbers tuned to reduce the lower or

the higler frequency tones (termed the “lo-tone” and the “hi-tone” absorbers). These "

tests showed a 6 to 10 dB reduction of the lo-tone when all lo-tone absorbers were
installed, and a 4 to 6 dB reduction of the hi-tone when all hi-tone absorbers were
installed. ‘

A series of ground and flight evaluation tests using an in-service aircraft was then
conducted, for several configurations of frame and engine vibration abeorbers. For
each configuration the test data were analyzed to yield the average sound pressure
level in 1 Hz bandwidths over the operating range of the aircraft, and these levels were
averaged over three seats in the aft cabin. Further, a composite tone noise reduction was
computed which incorporated the reductions nieasured for the three tones. The results
of this evaluation showed that frame absorbers alor.e and lo-tone engine absorbers
alone each provided significant reductions, but the combination of frame and lo-tone
absorbers provided the highsst :omposite tone reduction, 6 dB relative to an untreated
configuration. This combined treatment is currently being implemented by one major
airline on their MD-80 aircraft.

K



)i

Z661 ‘61 Avly
Aueuilan ‘uayeysyoraparyy

doysjyiopy astoN 1o11a3u] YeDIY NIF YI1A/AVS/VSVN
e pajuasaly

uoijerodas»n se[j3no(g [[PuuooN
Auedwoy ypesdary seidno(
uosdwig v ‘AB *N'Q ‘yda07 "y ‘Sueq V'IN

AHOLSIH dSvVD Vv
~ TOYLNOD HUSION NIGVD LAV 08-dIN

15

Ty



eSuv ‘0o uosdunig A
Swerq A AelN
sisA[euy /3s9j, AondEE
(etuary) ojuny o

o107 . ojing 'y
SoInonng SO1ISNODY

syuediorjaeg wea], Aoy

TOHLNOD HSION NIFVD LAV 08-UIN

16



{

g it B @" 1 ..awm:m@r
APPER (=Bl
L

I8<

sasejans uiqed o) uojAd
ySnoayy pojjluisuel) uoljeiqia auidus Aq pasned IsioU uiqe)) e

uiqed
3Je 1933Inb 10J 911s9p suiliie 09 dsuodsal ur pajonpuod weiorJ e

TOHYLNOD ASTON NIAVD LAV 08-AIN

17



;ﬂ’

ZH ‘AON3ND3YA

zo_:— oy

INOITH. INOIOT.

SHNO.L NIdVD LAV

ap ‘1ds

, 8P 1dS

18



1)

SiHVd SNILSIX3 S3SN 'L1SO3 MOT -
sH3gHOSAaVY
ANOL-H § + INOL-0T Z 20 XIW LNIHUND
40 av3ILSNI SH3EHOSEY INOL-OT¥S3sn -
HIBVY3 O1 1ndNI

NOILVYHEIA INIONI S3oNAa3Y -

INOA LNNCH H3IAHQSBY NOILVHEIA
INION3 QdVAMHOd

3oviasnd

INVHI NIV
HOTAd

SHIEHOSHY NOLLVHSEIA INIDNI

S13r NIML SVYIDNOA OL MZEN -
SSVIN H38HO0sav
40 NOILVHBIA DNIDNANI AG
JONVNOS3IH VYL S50NnA3H -

-, ™R
i N
1dvHOUIv U3d 1 M 3NN BOOT4 \, kY
SH3AHOSAV vOL - | iy
IWvHAHId Y
SUIAHOSAY 8292 - N }
S3wvy4 r Hivd H3gyosay /
NIBYO HNO4 14V \ /
N o

SH38HOSHY NOILLVHAIA SWVYUS

SNOILNTOS NOILONA3Y 3SION

19

n".-'a\

HD s o8 B o



o

W

la

Y \

dno sesyg

AN
19jue|g sse|biaqiy \\/

Jaqiosqy J
ale|d aseq
uone|eISU| dWel
~
18wojlse|3 UOI193G gap Weag 100}
Sy

ﬂ. g
L V,//////L,.VV.L
rd

SSep\ Jaqlosqy

uolB||BISU| Weaq 100}

20

18qiosqy olweuAq sweid Jo uolejesuy reoidA |



SSYi 40
NOLLYDO01
14IHS OL
SH3HSYM
ONIJVdS
3S3HL
ONIAOW
A8 3NNL

nﬁ.d_I_F

|
S3LVHEIA

M3IA 03001dX3

INOA
3NION3 OL
S3HOVLLY

GN3 SIHL

nNals _ m

dHdY0S9dV NOLLVYLIA ANISDN

21



V

uoronNpaI gp ¢ — uiqed paysmuang —
uorndnpar gp 01 — uiqed paysiuanju) —
1Sy NSsal S, ®

Aouanbaaj sauoj-oj
1e ‘uojAd sut3us je pajunour idyeys qi 07 £Aq pajOxa aSe[esny e

saurelj § j3je uo pa[[ejsul siaqrosqe adL}0j01J e

uoll109s 3599 OWQ—OmﬂH 6-Od © uo pajonpuod s3sI) qer e

SHHIHOSHV NOILLVYYIIA HINVY4A
— BLSHUHL LNHINJdOTHAHA

22



1v3S MOONIM : o
‘MOH 1v3S 14V NI d34NSYaIn
‘LNdNI HIXVHS @v18102043Nn0 .

'zH ‘Aouanbaiy

——ma—>] :

gp 2l 01 0} K

4
ainjonig aleg

||m|
Pajlelsuyj

s18qlosqy

4 J
.

. 9P ‘|ans sinssaid punog

(IO5VI1ISNI AIHSINYNJINNA)
SHHFYHOSdYV IINVYHA 4ddALOLOYUd

— SLINSHY LSHL 9VT ATdINVS



¥

suorjonpal 1amoj Ajdjeuorjrodoad paif siaqiosqe 19ma,] —

uordNpal gp 9 - ¥ — siaqiosqe auo}-14 y -

uorjonNpal gp oI - 9 — sidqiosqe auo1-of f —
((ZH 8 ‘Syeds ¢ 19A0 uorjonpal a8elsAr) S)NSOI JSAY,

slaglosqe ou —
(uorjran8yuod uorjonpouid) s19qIosqe dU0}-1Y [ PUB BU0}-O] T —
sIaqJlosqe 3du0)-Iy g 10 ‘g ‘P —
sI9qJiosqe duo0)-of Z IO ‘g ‘p —

:pajrnjeAaa suorjeindyuo)) e

MOI 3E€8S jje Ul sjeds ¢ je (sjuowasoul wdi o1 e ‘dn) sdajs
pue (umop pue dn) sdeams auiSua 10j pourejqo eijoods ISION] e

jjeldate 3533 8-(JJA U® UO pajonpucd sjsaj Yy pur punoix) e

SHHEHOSHV NOILVYHAIA ANIDNWH
— SLSHL LNIWNdJdOTIAHA

24

(A



(+]

1V3S MOONIM ‘MOY LV3S 14V NI G2HNSVIN .

SH38HOSAY 3INOL-O1Y @ SH3IgHOSBVON [

ZH 'AON3NO3Y3 |¢— s —>]
) | 1 1 1 1 |
1 ]

l 1 1 1 1 1 ! i 1 | 1 1 1
i T | [ i I L] ] T L) | I L L] ]

3ONVH ONLLVYH3dO

|ﬂ|

a8-01L

v

ap “J3A31 3UNSS3Hd ANNOS

bt g ]

(SNOILIANOD dSINYD ‘SHIHAUOSHV ANOL-OT %)
SNOILLVHOODIINOD HHIdYOSdV UNIDONH

— SLTASHY LSHL LHDITA ATdINVS

25



(q ‘O ‘v.Lig syeas) sauoydoadiux ¢ e
(dn) sdajs pue ‘(umop pue dn) sdooms ur parrea wdi surSurg e
SJUOUIIRII) PIJII[AS — ISIOU | ISINID,, 2IASEIUW 0} §3593 JYSJI[J @

SjuUdWIjeaI]} [je — ISIou (ISINId,, ajenuis 03 1amod Y3y je
pue ‘ssiou S[pl punoid,, sanseaw 03} 1mcd mo[ Je §)S9) punouix) e

SINUIWNHYUNSVUIN

SI13(Josqe aUI3Ud pue aUIBI} JO SUOIIBRUIqUUO))
siaqJdosqe auwiel} FQL o

$S19qI0sqe 9UI3Ud dUO0}-IY § @

siaqlosqe aul3ud 3U0}-O[ | ©

(suoy-1y g + auo0j}-o[ ) sleqiosqe aurdua :omuozvofw .

SINIFWLVIIL TOHYLNOD dSION

SLSHI NOILVIATVAH HOIAHUS-NI

(£

26



SAMPLE TEST RESULTS -

SPECTRA AT INDIVIDUAL SEATS

1

SOUND PRESSURE LEVEL, dB

-5
—

Lo.Tone, Ground (N2 Upswesp)

No Absorbers O STA

- B Nt

- Co .
L ¢ »

N Operating Range

STE

LO TONE NOMINAL FREQUENCY

FREQUENCY, HZ.

31C -

27

|



(uo1ponpaa astou 43y
pue punoid ajisoduro),, — Jyauaq Jaquunu-3j3uis e aA1d 0y poulq
-UI0) JUDUIIB3I]) YOBD I0J SUOIIONPal asiou auo) wajqord as1yy, e

2uo0) wa[qoid 1oes 10j S)BIS ¢ SSOII®
JjudwIedI] YOBD JOJ (JDUIIIPIP T4S) UOIIONPII Isiou ITBIGAY e

NOILVLAUYdYJ3LNI
AJDNIND3HA
JONVH SISATYNY ————P R
T ‘ o
IN3NLVIHL \_
HUM~__
SH38YOSEAY ON \..

93uea 2uijerado ssorde syIpim
-pueq z[J 1 ul paje[noed (1JS) [9A9] 2Inssar g punog 3SeISAY e

SISATVNYV

SLSUHL NOLLVNTVAH HDIAYHS-NI
Wf *

28



uoy, 1H ‘asmun

B uQy, 1 7y o]
‘asinip 9soduion
M3 pue
punotn aysoduon +

+

duQf, o] ‘asiniy

2uoy, o ‘srpy pPunocun

P3jenore sasen

~ LHOTIM INFIWNLVAUL

dddadyv "SA NOILLONAAY HSION

29



JHOI3IM INZFFilV3Yl a3aav

SH38HOSEY NOILONAOYd

& 1Nan
S -3noudnI | ¢

S3IOVANIVd INVOIAINDIS |J
SLEL IR EL D
NOIHYA
. ININIAOHINI

8P ‘NOLLONA3Y
INOJL 31ISOdit0I

HOVOUYddV
LNUNHOVNVIN INAIWLVIYL 3SION

3C



a3

(uotzean3yuro) 12qiosqy uoljonpold 03 aAle[dy)
(p 'uolonpay IsioN 3ua],

s32qi0sqQy awely $01
s12qiosqy awely pol
+ duoL-1H 8

s1aqlosqQy duelry vol
+ 9uQj],-03 8

si3qiosqy duoL-iH 8

F| £12qiosqy JUOL-07 8

astna) ‘auol tH asini1) ‘augg, o] punoas) ‘augy, o]

INTNIVAYL HOVI 404 SNOILONATY ISION UANO.L

T p———

s RER N W e

T T I

L N




1asdiys/  “y8isp [euoinppy

0

|
2

]

w.-..ua_.—Oma_{. __O:.::.Zuu&

o

3

O m L

s1a¢gosqy 2uo -1 8 O @

]

0

S

1¢ e

=

Q.

(s1aq10se amBus op) SI3(;10S(yY U0],-07] § 1¢ e
Slaqlosqy aurel pO1 X w.
. =

slaqlosqy anoj -0 g + a.m.
s1aqlosqy aurelj pgi R &
wn

U

19 =

~

8.

- N n

0

=

o

w

32

LIAUNHH HSTION 4940549V
NOILVYUIA UNIODONH 78 HINVHA

- ~



wreidoid Juirzojiuowr SuioF-uo PIPUIWIWIOIII OS[Y @
un3daq Sey JuUdUIjeal) PIPUSWWIO0IAI Y} Jo uoryejudwddiuy e
weidoid uoijonpal asiou uiqed Je Jo ssaddNs Yjm pasedjd auljary e

s19qiosqe auidua auo}-o] ¥ snid
s1dqiosqe awel] O :uoljeIN3Yuod JUBUIEdI] PIPUIUIUUOIIY e

uolonpai
3s9Y31y aYj IAI3 sjudUIRAI) PAUIGUIOD — SUOIIOINPII ISIoOU juedl
-J1ulis 9A13 Yoed 319qiosqe auidud au0)-0] pue SIdQJIoSqe dwel] e

SNOISNTONOD

33



e T e

.

o

1




N92-82951

DGLR / AIAA-92-02-164

The Dornier 328 Acoustic Test Cell (ATC)
for Interior Noise Tests and
Selected Test Results

H.J. Hackstein, I.U. Borchers, K. Renger, K. Vogt
Dornier Luftfahrt GmbH, Friedrichshafen, Germany

DGLR/AIAA 14th Aeroacoustics Conference
May 11-14, 1992 / Aachen, Germany




“4
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ABSTRACT

To perform advanced acoustic studies for
achieving low interior noise levels for the
pornier )28, an acoustic test cell (AIC) of
the Dornier 328 has been build. The ATC
consists of a fuselage section with full
cabin length, a realistic fuselage
euspension and three exterior anoise sinu-
lation rirngs equiped with 60 loudspeakers.
To generat:e and control the noise excita-
tion snd to store and evaluate the large
number of the ATC measurement data, a
complex digital 60 channel computer/ampli-
fier noise generation system as well as
multichannel digital data aquasition and
evaluation systems have been used.

The noise control tests started with
vibration measurements for supporting
scoustic data interpretation. Then acoustic
tests followed which first have been
carried out without noise reduction
measures. Since syncnrophasing is an
important noise reduction mean, in the
second tast phase extensive tests on this
topic have been performed. In addition,
exper iments have been carried out cn
dynamic vibration absorbers, the most
important passive noise reduction measure
for the low frequency propeller noise. The
tests includsd different kinds of such
ebsorbers and measurements for different
RPM's and synchrophaser angles.

The present paper gives a detailed
deecription of tne design and the
arrangement. of the ATC. Furthermore, the
exterior noise simulation as well as data
aquisition and evaluation are explained.
The most interesting results of the
measurements showing very promising noise
reductions due to synchrophasirg and
dynamic vibration absorbers are presented.

4. INTRODUCTION

Low cabin noise levels are required by the
airlines for new propeller driven ragional
sircraft as it is an important factor for
successful operation. Thus, for the
Dornier 328 s goel of 78dB(A) on at least
75% of the passenger seats for a maximum
cruise et 1050 RPM in 25000 ft has been
specified. Also for the climb condition at
1100 RPM the levels should not be much
louder. To reach this goal an extensive
interinr noise control program has been
established and is currently in progress.
One powerful ool for this interior noise
control program is the Acoustic Test Cell
(ATC) of tha Dornier 328 shown in Figure 1.
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The intention for building the ATC was to
have a test rig which comes as near as
possible to the real aircraft in:luding the
full cabin cavity and a realistic exterior
noise simulation. A great advantage of the
ATC is a reduced number of expensive flight
hours and the opportunity of testing more
variations of noise control measures
without effecting flight certification.

2. DESIGN OF THE DORNITZ 128 ATS

The ATC fuselagse with a total lenqgth of
12.2 m consits of th.ee parts, the center
part with a length of 6.95 m , a front
extension cylinder with a length of 1.8 m
and an »ft extension cylinder with a length
of 3.4 m, see Figure 2.

The center part of the ATC |s excited by
the external nolse jeneration system and is
used for suspendirg the ATC. It has almost
the same struc-ure as the Dornier 328
fuselage. Only minor changes, as for
example the kind of rivets, had to be made
for simplification. Thus it could be
expected that the eigenfreyuencies and
eigenmodes of the ATC 1n the region of the
highest excitation levels are about the
same as for the Dornier 328.

As could be seen from earlier finite
element calculations (1) not only the
vibrational behaviour of the fuselage is
important for the interior noise but also
the coupling of the structursl modes with
the modes of the enclosed air volume, the
cavity modes. Therefore, the total cabin
lerght should be represented. Because of
cost saving reasons this was established bv
adding the aft extension cylinder,a
cylinder with a simplified aluminum frame
and stringer structure, to the center part
by riveting. A simulation of the cockpit
alr volume, which may coupls across an open
cockpit door to the cabin volume, was
realized by the front extension cy!linder
consisting of the same simplified structure
as the aft extension cylindar. At tha end
of the extension parts the ATC is closed by
wooden plates.

Inside tha ATC the floor is manufactured by
wooden plates which are covered by a carpat
with similar material as planned for the
real aircraft. To separata the cockpit from
the cabin, a wooden wal! i3 installed
tncluding a door. A view into the ATC 13
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figure 1: The Dornier 328 Acoustic Test Cell (ATC)

given in Figure 3. Until now, no interior
equlipment for the tests have been used. For
the near future it is planned to install
thermal insulation, interior trim and
seets.

The ATC fuselage is mounted in the large
acoustically treated test chamber of
Dornier Luftfahrt GmbH. The suspension is
reelized by a steel constuction which holds
the ATC on four original wing ettachement
points.
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Figure 2: Structure and suspension of the
ATC
. SIGNAL GENERATION SYSTEM

A very complex part of the ATC 1s the
signal generation system designed to
generate propeller noise on the fuselage as

close as pcssible to reality. With this
system, based on a 60 channel computer/
amplifier noise generation group, it is
possible to simulate calculated and
measured propeller noise fields with the
correct arplitude and phase at 60 points on
the fuselage skin. Different synchrophasing
angles can be adjusted within a few
seconns, enabling parameter studies on this
important subject. For special measurements
it is also possible, to generate broadband
random noise for example to simulate
boundary layer and jet noise .

Interior of the ATC including
microphone antenna

Figure 3:

ORIGINAL PACE IS
OF POOR QUALITY
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The set-up of the total system is given {n
Figure 4. The 60 loudspeakers ara located
in three planes, the propeller plane, a
quarter of the wavelength of the
fundamental tone in front and a quarter of
a wavelengh behind the propeller plane,
cover the part of the fuselage most
strongly excited. For each cf these planes
two wooden lcudspeaker sections formed as
half rings, one on the lef: and one of th
right side, have reen build containing 10
loudspeakers each, see Figure 5.
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Figure 4: Flow chart of the ATC noise
excitation and measurement
systen

The exterjor excitation noise is monitored
by microphones mounted on the outer
fuselage skin under each loudspeaker. To
enable easy access to these microphones
every half ring 1s fitted on wheels for
easy loudspeaker section disassembly. The
wheels are guided by aluminium profils to
ensure that allways the same position on

Figure 5: View 1ntc a loudspeaker half ring

ORIGINAL Fars S
OF POCR QUALITY

the fuselage is reobtained. Etvery
loudspesker has 1ts own closed chamier,
which can de accessed by a door at the
backside of ths loudspeaker rings. Thus (-
is also possible to change the loudspezi ers
from the backside without moving the wooden
half ring.

Betveen the fuselage and the loudspeaker
boxes a layer of weak insulation wool is
used to ensure that the ATC has nc contact
to the wnoden constructicn and that the
lcudspuakers will not influence each other.
The loudspeakers are driven by 60
independant 130 Watt special ampol:fiers
resulting in a power rack with abcut 8000
Watt continous outpu: power.

The output power of the amplifiers iy fixed
to maximum {or highest accuracy. The
amplitude of the signals is controlled by
the signal generator cards. Also for
accuracy reasons the frequency range of the
amplifiers is limited to 2000 Hz. For
possible future, differant applications it
is very easy to charge tnhis limit. Also it
is planned to make the output power
adjustable, if needed.

The noise signal is generated by 60 signal
generator caxcds shown in Figure 6. Every
card has its own memory and processor, so
that it is able to operate independant from
the computer. To ensure the correct phase
relazionship between the cards, the first
card provices also the master clock impulse
for tha reraining $9 ones. For special
tests, it is elso possible to trigger the
total system by an external clock impulse.

Figure 6: Rack with signal generator cards
connected to a persoral computer

The signal generator cards are fully
~ontrolled by a personal computer. Tha
periodic %time functions -0 be downloaded
for different selected flight cases conta:'n
phase and normilized armpl.tude informat:on
for each loudspeaker/ amplifier charnnel.
The period of the “ime function cer%ainly
equals the per:od of the fundamental
propeller tone.
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For operation it is only necessary o
download once two periods of the digitized
periodic time function from the computer
into the memory of tne different
loudspeaker signal generator cards. The
phase shift between the different
loudspeaker signals is obtained by telling
each card, at which point of the digitized
time funcztion it shall start the period of
the output signal. With this technique it
is very easy to cha.ge the phase
relationship between the signals

An additional very imporzant function of
each signal generator card is the
possibility of changing the amplitude of
the signal during signal output. This is
done by a second D/A converter on the card,
providing the reference voltage for the
main D/A converter. The second converter
can be accessed during operat:on. Thus it
is possible o use the full dynamic range
of the main D/A converter. For standard
propaller noise fields the corresponding
settings of tl.e second D/A converters are

stoved in files.

1,2 System Software Options

The denerated loudspeaker signals and a
corresponding correcticn signal can be
superimposed for compensating the phase-
and emplitude errors caused vy the
loudspeaker/amplif:er combination. This
correction signal wes previously reasured
for every channel.

With a8 time deley setting, the phase of
each channel can be set based on its
reference channel. Thls makes 1T very easy
to change the synchronnasing angle, because
ell left-hand charnels refere to the first
channel of the left side and all right-hand
channels refere to the first cnannel of the
righ% side. The ¢irst channel of the right.
side referes %o the first channel of the
left side, so tnat only the time delay of
the first right-hand channel has to be
changed to edjust a new synchrophasing
engle.

Furthermore it is possible to change the
output frequency of the signal generator
cards in minimum steps of 1 us. The
simulated propeller fundamental fregquency
is given by the selected numoer of points
for one pericd at e fixed output frequency
of the points.

To preserve the loucdspeakers, the output
starts automaticaly from zero amplitude by
slow esplitude rising to the adjusted
level. For the same reason the system level
is decreasing slowly when the output is
switched off. After changing any parameter
of the systen, the setting is restored to
the signal generator carcs.

Finaly it is possible to store any current
system set-up in a file on disc and reload
it. Also it should be noted that all
measurements showed an impressive stability
of the sound generating system.

4, MEASUPEMENT SYSTEM

For each measurement, first all ¢0

microphores under the loudspeakers of the
sound generating system are measured. Then
the interior sound field 1s recorded in 12
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p;anes using a moveable microphone antenna
with 15 microphones leading to a total
number of 180 interjor nolse measurement
points. Tn addition one fixed reference
microphone is measured dur:ng the recording
at each plane, giving a total of 252 signal
records fcr every ccomplete measurement.

For sgch a larje number o5f measuroment
positions a user programable digital data
aquisition system is needed :nd warn used.
In the current coufiguration the used
system handles 12 channels prralle. and a
total maximum number of 126 charnels using
softwWara controlled channel switclhes.

It is capable to cornect every =i:rophone
<¢ its geomet:ic locat:ion, so that var:ious
noise distribution plots =an be genarated.

The user software Jevelcped by Dornier for
the measurements 1n the ATC, sets Zhe
calibration factors for each channel
depending on the channel svitch sattings,
the microphone coordinates depending on the
position of the ant«nna in the ATC., and %le
name of the current recording depending on
the synchrophasing angle and the pcsition
of the antenna. With this, it is possi:le
to measure all locations for one paramater
set of synchrophasing angles, «.3., 6
angles, within 80 minutes. For every plane
all 6 synchrophasing angles are measured
before moving the anterna to the next
plane. In general, aill da:a are measured as
tire recorcds and stored on optical discs or
DAT tapes. This enables various analyses
later 1f needed.

For the standard data analysis also a
software package has been developed, which
automaticaly calculates the averaged FFT's
for each location and neasurement, the
average of all spectra, and seleczed
spectra, e.g., the average spectra at the
passengers ear positions, the sound
distribution over cabin length, etc. All
results are given in dB as well as dB(A),
as absolute noise levels es well as noise
reductions.

It is possible to perform several
measurements in cne day and to do the data
analysis software-controlled eutomatically
during the night. Thus a lot of parameter
variations can be tested rather
effectively.

5. NOISE AND VIBRATIOM MEASUREMENTS ON THE
BARE AIC

All noisa and vibration measurements
described in this paper have been performed
without interior treatment as for example
thermal insulation, interior triu and
seats.

5.1 Exterior Hojge

Following the Dornier )28 specification,
the ATC has been excCited by two different
pure tone propeller noise spectra. One of
‘these was the propeller noise for the
condition maximum cruise with 1050 RPM at
145 kts. The other was the condition
maximum cCruise w:th 1100 RPM and J45kts as
the worst case uf a quick cruise climb.
Because of no%t available flight test data
of the prepeller noise (the ATC tests



started before first fl.ght) the exterior
sourd field “as been calculated. The free
field progeller noise was provided bv
Hartzell for its Dornier 328 six-tladed
propeller and has ceen corrected for
installation effects estimated by Dornier.
The propeller noise spectra for both
excitations in dB(A) averaged over all 60
loudspeakers are given in Figure 7. It can
be seen that for toth spectra the
fundamental has tre highest levels and the
the harmonics are ccntinously decreasing.
This behaviour is typical for a six bladed
propeller, while four pladed propellers
often show higher A-wveighted levels for the
second and third tlade passage frequency
(BPF). The spectrum ftor 1050 RPM haws for
all tones lower levels than that for 1100
RPM. For the furdamental, the difference is
adout 2 dE(A) but for the h:igher harmonics
this difference is increasinjy up to abcut 7
dE(A) at the Zourth tone. This behaviour
can be explained by tne higher helical tip
Mach nuwber at 1100 RPM. The difference in
total ncise is about 3 dB(A).
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Figure 7: Spectra of total averaged
simulated exterior propeller
noise (1050 RPM and 1100 RPM)

2.2 VYibration Measurements

Inforsation on the bare ATC structuril
dynamics in form of eigenfrequencies and
modeshapes as well as operational
deflection shapes has been obtained from
vibration measurements on the ATC. First an
experimental modal analysis wi.h multiple
point shaker excitation at 10 reference
points grouped in three points for each
individual measurement run was carried out.
For exicitation the burst random technique
was used. For the calculation of the mode
shapes only those reference points have
been applied which showed tha hest values
for the indicator functions. Six frames
have teen analyzed using a total of 170
accelerometers.

Up to 235 Hz 16 modes could he 1dentified.
Figure 8 shows the mode shives f{or Mode 7
at 95.7 Hz and Mode 8 at 11€.4 Hz. These
two modas are the nearest to the
fundamentals of the simulated propeller
noise with 105 Hz and 110 Hz, respect.vely.
It can be seen that Mode at 95.7 Hz has
five antinodes above the “loor. Below the

7
-

tloor the structural displacement is not so
strong but the floor itsalf shows in the
region of tha aisle stronger displacenents.
For Mode 8 at 116.8 Hz the nodal liies can
not be as clearly identified as those c”
Mode 7. Nevertheless six antinodes =an Se
discovered above the floor. Another one can
be detected telow the floor. The floor
deflections are for Mode 8 smal'er than for
Mode 7.

e i

N T T

Figure 8: Sa'~cted eigenmades of the AT~

To get knowledge aboat the motion of the
ATC structure during propeller no:se
excitation, operaticnal deflezilon shapes
have been determinec. The used technique 1is
described in (2). Tre operational
deflection shapes stown in the present
paper have been nrea:ured for two frames and
contzin the fundamental as wvell as four
harmonics but they ire dcminated by the
fundamental. Figqure 9 presents the
operational deflection shapes at the
simulated propeller noise fiald for 1050
RPM for two differeat synchrophasing
angles, 0° and 40°. For the synchrophasing
anGgle of 0° a nearly symmetrical deflection
shape with five ant:nodes abova the flocr
cin be seen. This shape is very similar to
that of the Mode 7 at 9%5.7 Hz. Thus this
elgenmode might have been strongly excited
by the simulated propeller noise fieid ac
1050 RPM. Changing the synchrophasing angle
to 40 * leads to a rotation of the
vibration pattern and a reduction of
deflection amplitucles.
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Fiqure 9: Operational deflvoctiorn shapes
tor similated propeller noise
{1050 RPM)
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5.2 Intexsor Noise

The interior noise measurements have been
carried out as described in Section 4.
Figure 10 shows an example cf the A-
weighted interior noise leveis for the
first thres blade passage freguencies and
the total noise as a function of the
synchrcphasing angle. The levels are
average values of all 180 measurement
positions in the cabin of the ATC. It can
clearly be seen that synchrophasing leads
to a significant total noise reduction of
about 4 dB(A). This total noise reduction
is dominated by the the interior noise
field at the f.rst BPF. Similar as the
total noise, the noise at the first BPF
shows a maximpum at i0° and a minimum at
40°. The nolse at the second BPF shows two
maxima at 10° and 40° and two minima at 0°
and 30°. Also for this BPF a difference
between maximuw and minimum of & dB(A)
occured. Because the leveis for the second
BPF are much lower than those of the first
the minimum of the total noise at 0° is not
affected. For the third BPF nearly no
influence due to synchrophasing can be
observed. An explanation for the overall
noise reduction may be found in the abcve
mentioned redustion of the vibrational
deflection due to synchrophasing. In
addition, the coupling between structure
and ~avity may reduce due to the rotation
of the deflection shape.
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Figure 10: Total averaged interior noise
ievels for simulated prcpeller
(1050 RPM)

The noise distribution 1n the cabin with
and without synchrophasing is given in
Figure 1i1. This figure represents the no.se
levels at 12 axial positions averaged at
each axial position over thres microphones
in a =ypical passenger ear hei3nt. It can
be seen that Zhe noise reduction due %o
synchrophasing 1s effective over the whole
cabin lenqgth.

For a simulated propeller noise excitation
with 1100 PPM tha results are given in
Figure :12. Also for this excication the
synchrophasing angle has a great influence
and leads to a noise reduc=zion of 4 dB(A).
The maximum and ninimum can be found at 20°
ard %0°, respectivaly. Similar as for 1050
2PM this benaviour 1s mainly caused by the
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Figure 1ll: Interior noise distributions
averaged at the passenger ear
positions Ior simulatad
propeller noise (1050 RFM)

tirst BPF, which had & maximum at 20° and a
minimum at 50°. However the interior levels
tor the seccnd and third BPF are much
closer to the .evels of the first BPF than
for 1050 RPM. The levels for tha third BPF
are even higher than those for the sacond
BPF. This is caused first by the highar
lavels at higner harmonics for Zhe 1100 PPM
excitation and secondly by a worse noisae
reduction at these higher harmonics %than
for the first BPF. The interior levels for
the second BPF show similar as for 1050 RPM
two maximu and two minima but at the
minimum for the first BPF also a minimum
tor the second BPF occurs. The third BPF is
nearly not influenced by synchrophasing.

Durinq.thc preparation of this this paper a
first in-flight spot-test on the Dornier
328 could be performed. At this test the
exterior noises on the fuselagu was measured
at the two points with minimum propeller
tip clearance. In additicn, the interior
noise in the propeller plane at tne
positions of the outer seats were recorded.
A first evaluation showed good agTeemant c?
the noise reductions of the Dornier 128 anAd
the ATC.
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figure 12: Tota' averaged intarior noise
levels for simulated propel)rr
noise (1100 RPM)



6. NOISE AND VIBEATION MERUREMENTS ONAHZ ZuE
ATC EQUIPED WIIMN DYNAMAC JIRRATLGN

As noted in Chapter 5.1. for the Dornier
328 Two RPMs are defined: 1050 RPH for
cruise and 1100 RPY. for climb. Therefore
special dynamic v-.pration absorbers (CVAsS)
had to be develoned which are effective on
poth RPMs. This behavicur can be achieved
with two types of these new absorcers:
broadband v rcoelast:ic cunaed danpers and
double tuner. narzcw bind vibration
absorrers.

For the %irst one, the spring parc cons.ists
0“4 a spaclal rubber piece with damp.ng just
suffic.ent To obtalin a bandwith covering
poth frequenclies. This kind of dampers had
peer. develcped together with Anatzol GmbH.
Thr, second tyvpe is based on 4 ¢1.ght-prover
s.ngle freguency design provided by Fokker.
“he relatec 1ew establisned damper type nas
two dicrete peeks at the required frequen-

cies.

The ATC investigetions had peen carried out
with both types of these dynamic vibration
ebsorbers.

6.l Yibration Meagurenansa

These vibration measurements vere performed
with viscoelastic tuned dampers atzached to
the frames. For the initial damper
errangement a symaetric poaitioning of 8
demper pairs around the frames was chcsen.
More dampers than ant.nodes were used %o
avoid that the structure finds nodes at the
demper locations. Eight frares were treated
with the same damper positicning. *igure 13
shows for this example the compar.son of
operational deflection modes at .050 RPM
with and without dampers. It car, clearly be
saen that the dampers cause a frtrong
reduction of the deflections. Jnly on the
right side of the fuselage sore 21lnor
vibretions are resaining.
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rigure 13: cperational defluction shapes
for simulated propeller noise
(1050 RPM)

6,2 Interior toise

The effect of the viscoelastic tuned
Campers in the 2p00va mentioned initzial
s:-rangement on the .nterior noisa in the
ATC for 10SC PPM ic given in Figure 11.

significant noise reductions up to 3 db(A)
are cbtained over the whcle caoln lanqth 1n
the ear positions of the passengers in
addition to the synchrophasing effect.
Additional 2 dB(A) could be gained by
attachirg 120 mm foam to the af* wocden end
piate of the ATC as indicated in Figure 11.

Follrwing these :initial investigations, the
damper positions and nunber of dampers per
frame were attenpted tO be optimized. Three
syrther damper arrancements hava been
rested. The first one consists of 5 pairs
o0f tuned dampers per frame With a symmetric
distributicn at 3 frames. The result can t=a
seen 1n Flgure 14 wnere the lnter.cr rnoise
tevels in dB(A) averaged over ail reasure-
mant positions 1s shown as a funczion of
the gynchrophasan angle. For most synchro-
phasing angles also tas first new confi-
guration ieads to lower interior no.se
levels than without tuned dampers DUt tha
levels are up to 4 dB(A) higher than the
levels for the initial configurat:ion,
Jepending on the synchrophasing angle.
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Figure 14: Total averaged interior noise
levels for simulated propaller
noise (1050 RPM)

The second new damper arrengament included
8 pairs of runed dampers per frane mounted
to eight frames with an asyxmetric
diatribution including four camners on the
left side, one 1n the center, and three on
the right side. This arrangerent was wae
porn out of the operational deflection
shape given in Figure 13, where the bilggest
remaining vibrations after atzachin~ the
initial tuned damper configuration could be
onserved on the left side. This new asymme-
rric ccnfiguration shovs a further 1mprove-
ment egalnst the initial configuration.

For the tested third new damper arrangement
nine palrs of dampers par frame ware moun-<
red at seven frames. <his confiquration
gave no further 1mprovement and was slight-
ly worse than the secona new arrangement.

in Figure 1& it also can be sean that the
optimum sychrophas:ing angle for al.
considered four arrangerents nas teen
shifted =0 0°.
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The averaged spec=zral total noise -eduction
of the whole cabin due to the tuned dampers
in the favourable second new arrangement
for 1050 RPM is given in Fiqure 15. The
neasured reduction values are about 8 dB(A)
for the first, 9 dB(A) for the second and

3 dB(A) for the third BPF. Tne high reduc-
tion at the second BPF is strongly due to
the cranging of synchrophasing angle from
the optimal 40° for the untreated ATT to
the optimal 0°* for the ATZ equiped with
tuned Jdampers. As can be seen in Figure 10
the second BPPF of the untreated ATC has a
maxizum at 40°* and a »ininum at 0° with a
level difference of about S dB(A).
Therefore, the efficiency of the tuned
dampers at the second BPF is 4 dB(A). The

3 dB(A) reduction for the third tonae may be
explained by a pure nass effect.
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Pigqure 15: Total averaged interior noise
spectra for simulated propeller
noise (1050 RPN}

“he length distributions of the A-weighted
interior nolse for the four investigated
tunad demper arrangements for a simulated
prtopeller noise with 1050 RPM are given in
Pigure 16. This figure shows again and more
significant that the asymmetric damper
distribution with ¢ dampers per frame at §
frames (second newv arrangement) leads to
the lowest interior noise levels.
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Figure 16: Interior noise distributions

Averaged at the passanger ear
positions for simulated
propeller noise (1057 RPM)

At the positions of the favourable seccnd
rew arrangement also double tuned narrow
band vibration absorbers have been attached
folloved by correspording measurements. The
obtained resul¢ is shown in Fiqure 17 in
Jorm of averaged i{nterior noise axial
distributions for the plane of the passan-
ger heads compared to the favourabls result
fcr the viscoelastic tuned dampers. The usa
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Somany of tum Row

Interior noise distTibuticns
averaged at the passenger ear
positions for simulated
propaller noise (1050 RPM)

Figure 17:

of the double tuned vibration absorbers
leads 1n the position of seat rows 1, S, 8,
11 and 12 to izprovements up to 4 dB!A).
For the other seal rows “he levels ramain
nearly constant. This very grod result is
related wi“h an average total cabin noise
reduccion of about 1, dB{M.) for the
fundasental tone, see Figure 18. For the
second tone a noise reduction of 6 dB(A)
can be observed of which 1 dC is due to the
absorbers according to explanation given
above. The 3 1ah(A) reducticn for the third
tone may be aliso here explaliied as a pure
mess effect.
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fiqure 18: Tr.tal averaged i1ncterior noise
rpectra for cimulated propeller
noise (1050 RPM)

for 1100 RPM also damper tests have beun
performed. In general 1t can be stated that
for this RPM the nolise raduction due to the
dynamic vibration absorbers 1s luwer chan
for 1050 RPM. A related aexarpia 1s glven 1n
Fiqure 19, which shows the comparison
betwean A-walghted 1ntaricr noise levels as
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a function of synchrophasing angle without
and with viscoelastic tuned dampers in the
favourable arrangement described above.
Here the difference bet<een the L1nterior
noise without dampers at optimum sSynchro-
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Figure 19: Interior noise distributions
averaged at the passenger ear
positions for simulated
propellier noise (1050 RPM)

phaser angle and the interior noise with
dampers at optimum synchvophasing angle 1s
only about 3 dB({Aj. Fiqure 20 shows the
spectral compar.son for the same cases s
in Figure 19. The interior nolse 1s reduced
by about 4 dB(A) on the first BPF, about

3 db(A) on the second BPF and about

3.5 dB(A) on the third BPF. Nevertheless,
this result corresponds also to an
interesting noise reduction in the capin.
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Figure 20: Total averaged intericr noise
spectra for simulated propeller
noise (1100 RPM)

. SUMMARY

In order to study and identfiy effective
interior noise control measures for tne
Dornier .28 with limited impact on project
flight sciedule an acoustic test cell (ATC)
of the fornier 328 has bean buill. The ATC
consists of a fuselage sec%ion with full
cabin Jength, a realistlc fuselage suspen-
s1on and three exterlior nolse simu.ation
rings equiped with 60 loudspeakars. The
signals (or the speakers have rteen provided
by a complex 60 channel computer/amplifier
nolse generation system. With th.s system
it was possible to simulate propeller noise
excltation at 60 points on the fusalage

skin 1nZluding realistic phase distri-
bution.

Prior to the acoust:iC measurements vibra-
tion measurenments had been carr:ed out for
data interpretation. These measurements
“ithout noise Control treatment showed
elgenmodes at 95.7 Hz and 116 Hz near the
two exc:itation fundamental tcnes of 105 Hz
and 110 Hz,respectively, of the cons.cered
two different propeller nolse Spectra. For
simulated propellier noise excitation at
1050 RPM and 1100 RPM the deflection shapes
looked very similar to the eigermode at
95.7 Hz. Simulated synchrophasing yielded a
rotation of the deflection shape and a
reduction of the deflection amplitudes.

The nolse measurements showved a great ef-
fect of s/nChrophasing on the interior
noise .evels. About 4 dB(A) difference of
total averaged interior noise of the whole
cabin betwWween worst and best syrnchrcphasing
angle have been measured for 1050 RPM and
1100 RPM with best synchrophasing angles at
40° and 50°*, respectively. In both cases
this effect is dominated by the noise at
the first BPF. The noise improvement may be
explained by the reduced vibration anrpli-
tudes in connecti.con With a reduced coupling
5f structure and cav:ity, due to rotation of
the operational vibration shapes.

Attaching viscoelastic dampers to wigh®
{rames of the ATC led a significant
reduction of the vibration amplitudes. The
Zollowing noise measurements showed
promifing noise recuctions in the whole
cabin. Improvements at the plane of the
passenger heads up to about 8 db (A) have
Leen measured. Also for these measurements
an i1nfluence of synchrophasing angle could
be observed shifting the optimal angle to
0°¢ for both RPMS. An attempt to optimize
the number and positioning of the visco-
elastic danpers yielded further improve-
ments to the inter.or noise, especially
with resrect to a uniform noise distribu-
tion in the cabin.

Also double tuned vicration absorbers have
been tested 1n tne ATC at rhe identified
most favourable positions. The measuremen®s
showed up to 4dB(A) Letter resulvs at
certain ax:al lecations in the cabin *han
the test3 on the viscoelastic tured
dampers.

For 1100 RPM reduced efficiencies of both
the viscowlastic tuned cdampers and the
double tuned vibration absorbers were
measured. Never:naless, s%1ll a total noise
reducticn in the hole cabin of 3 dB(A)
could be i1dentifiea foOr the viscoelastic
tuned dampers.
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Vibro-acoustic FE analyses
of the Saab 2000 Aircraft

Coupled acoustic/structural aircraft
F=-model

Creation of modal database
BPF pressure field excitation
Frequency response analyses
Model validation analysis
Planned analvses

Model development
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Vibro-acoustic FE analyses
of the Saab 2000 Aircraft

Coupled acoustic/structural aircraft
FE-model

- Acoustic model
- Structural model
- Coupled Acoustic-Structural model

Creation of modal datebase

- Substructuring/Modal synthesis
- Acoustic eigenmodes

- Structural eigenmodes

- Coupled eigenmodes

BPF pressure field excitation

- Cruise flight nearfield BPF noise
prediction

- Inclusion of fuselage scattering
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Frequency response analyses
- Scheme of computation
- Modal contribution to BPF response

- Structural response (Operating
deflection shape)

- Cabin cavity response (Pressure
field in dB)

Model validation analysis

- Experimental modal analysis,
Fuselage Test Rig

- Fuselage Rig shaker test simulation

Planned analyses

- Tuned Damper installation and
optimization

- Structure-borne path ideniification
- Active Vibration Control analyses

Model develonment
- Fuselage sections with interior -
- Active Noise Control analyses
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4th NASA/SAE/DLR Aircraft Interior Noise Workshicp
Friedrichshafen, Germany
May 19 - 20, 1992

Inge S. Green
Saab Aircraft AB
Linkdping, Sweden

VIBRO-ACOUSTIC FE ANALYSES
OF THE SAAR 2055 AIRCRAFT

SUMMARY

FE-models of the Saab 2000 fuselage structure and the interior cavity have been
created in order to compute the noise level in the passenger cabin due to propel-
ler noise (page 1).

The FE-system ASKA was used for these analyses. The total number of degrees
of freedom (dof) for the models is over 400000. To make the analysis possible
substructuring was used in addition to several levels of “midnets” and modal
component synthesis. This way the number of dof at each level was reduced to
give acceptadble computer times (page 2 - 6).

Examples are shown of Acoustic modes (page 7 - 8) and dominant structure
modes (page 9 - 10) from the modal database.

BPF pressure ficld at cruise flight was predicted and applied to the aircraft
(page 11 - 12).

Scheme of cemputations (Normal mode analysis and Frequency response
analysis) are outlined in page 13.

From the frequency response analysis, modal contribution (page 14), stuctural
response (page 15) and cabin cavity response (page 16) are chown.

From Fuselage Test Rig modal analysis a first validation of the FE-model is
made (page 17).

Validation with the Frequency Response Function method is under way
(page 18 - 19).

Planned analyses with the Saab 2000 AFEM model is shown in page 20 and
proposed model development in page 21.
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% 3000 110 003 00 5100 Mbvinwe AP 12000
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SAAB 2000 COUPLED STRUCTURE-CAVITY FE MODEL

Structure m.del Cavity model
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Sta 399 - Sta 512 : Structure Cavity Sta 1151.)
Main Net 290

Number of Nodal points : 22681 62118

Number of Elements : 10153 3599

Number of Substructures: 10 10

Database from

Eigenvalue analysis :720 eigenvalues (11.2-342.5 Hz)
Net (100+110)

\ Net (200+4210)

Structure Subnets’,

Net (3004310) LA Ry
Net (4004410) \ /
Net (5004510)

o /Mght Hand side
Net (220+210)

2
Net (320+330)
/

Net (420+410)
Net (520+530)

Left Hand side

Acoustic Nets
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ACOUSTIC MODEL‘I

Level ) Level 2

LH RH

Net 230 Net 120

) Net 220
10 Subcavities

RH

——

Su 836 Su 170

| !

| Net 191 I

Level 3 .
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Net 170 Net1 190
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Su 286 S 399 St s12 Sta 625
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I s copy of pet 190 I
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000 1 v 21 40000 9188 Pmen 49 1yO0
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STRUCTURAL MODEL
Left side Right side
Level |
Level 2
Level 3
Level 4
Leve! §

St 9 Sta 286 S1a 399 Su 312 Sta 625 Sta 1131
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! I | | I |
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— ]
} X
Main net 290 l
rCOUPLED ACCUSTIC-STRUCTURAL MODEL J )
Coupling only for the riaster sections Sta 199 - Sta S12 :
Acoustic ret 190 + Structure net 180
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2000 AFEM.
CREATION OF THE COUPLED ACOUSTIC-STRUCTURAL MODAL DATABASE.

Total number of DOF's for the modeis : > ¢0000C

Analyses performed with suostructuring (Sub-,Mid-and Main nets)
and modal ccmponent synthesis for reduction of the number of
DOF's at each level.

@ ACOUSTIC MODCL (Master section Sta 393-Sta 512)
e ———-

Leve TOTAL NUMBER TOTAL NUMBER | TOTAL CPU-TIME

UNCONSTRALDVED NORMAL MODES | INCRAY (SEC)

Dor
1 30300 263 $000
3 200 134 5700
3 2i00 198 7800
4 4000 3% 10500

@ STRUCTURAL MODEL (Master section Sta 1399-Sta 512)

LevL TOTAL NUMBER TOTAL NUMBER | TOTAL CPU-TIMZ

UNCONSTRADVED NORMAL MODES | IN CRAY (SECS)

por
1 117000 = ") w000
3 an 76 22300
3 %10 128 16000
‘ 3824 1029 3700
s 3018 §— 120 7%

@ COUPLED ACOUSTIC-STRUCTURAL MODEL (Master sections)

Number of Acoustic normal modes: 596 (10.9 - 400 Hz)
Number of Structural normal modes: 720 (11.2 - 342 Hz)
After the coupled analysis,

Number >f coupled normal modes: 700 (9.6 - 288 Hz)
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Fig

ACOUSTIC SIDE-SIDE MCDE

AT 85.3 Hz

SCALE 0.075

OBJECT LINITS

X: 10.72 - 18.3489
Y:~-1.1560 - 1.1580
2: =3.6550 ~ ~-1.3340

CONTOLR 